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CHAPTER 2

IDENTIFICATION AND CLASSIFICATION OF SOIL AND ROCK
2-1. Natural soil deposits.

a. The character of natural soil deposits is
influenced primarily by parent material and climate.  The
parent material is generally rock but may include partially
indurated materials intermediate between soil and rock.
Soils are the results of weathering, mechanical
disintegration, and chemical decomposition of the parent
material.  The products of weathering may have the
same composition as the parent material, or they may be
new minerals that have resulted from the action of water,
carbon dioxide, and organic acids with minerals
comprising the parent material.

b. The products of weathering that remain in
place are termed residual soils.  In relatively flat regions,
large and deep deposits of residual soils may
accumulate; however, in most cases gravity and erosion
by ice,  wind, and water move these soils to form new
deposits,  termed transported soils.  During
transportation,  weathered material may be mixed with
others of different origin.  They may be ground up or
decomposed still further and are usually sorted according
to grain size before finally being deposited.  The newly
formed soil deposit may be again subject to weathering,
especially when the soil particles find themselves in a
completely different environment from that in which they
were formed.  In humid and tropical climates, weathering
may significantly affect the character of the soil to great
depths, while in temperate climates it produces a soil
profile that primarily affects the character of surface soils.

c. The character of natural soil deposits
usually is complex.  A simplified classification of natural
soil deposits based on methods of deposition is given in
table 2-1, together with pertinent engineering
characteristics of each type.  More complete descriptions
of natural soil deposits are given in geology textbooks.
The highly generalized map in figure 2-1 shows the
distribution of the more important natural soil deposits in
the United States.

2-2. Identification of soils.
a. It is essential to identify accurately materials

comprising foundation strata.  Soils are identified by
visual examination and by means of their index
properties (grain-size distribution, Atterberg limits, water
content, specific gravity, and void ratio).  A description
based on visual examination should include color, odor
when present, size and shape of grains, gradation, and
density and consistency characteristics.- Coarsegrained

soils have more than 50 percent by weight retained on
the No.  200 sieve and are described primarily on the
basis of grain size and density.  With regard to grain-size
distribution, these soils should be described as uniform,
or well-graded; and, if in their natural state, as loose,
medium, or dense.  The shape of the grains and the
presence of foreign materials, such as mica or organic
matter, should be noted.

b. Fine-grained soils have more than 50
percent by weight finer than the No.  200 sieve.
Descriptions of these soils should state the color, texture,
stratification, and odor, and whether the soils are soft,
firm, or stiff, intact or fissured.  The visual examination
should be accompanied by estimated or laboratory-
determined index properties.  A summary of expedient
tests for identifying fine-grained soils is given in table 2-2.
The important index properties are summarized in the
following paragraphs.  Laboratory tests for determining
index properties should be made in accordance with
standard procedures.

2-3. Index properties.
a. Grain-size distribution.  The grain-size

distribution of soils is determined by means of sieves
and/or a hydrometer analysis, and the results are
expressed in the form of a cumulative semilog plot of
percentage finer versus grain diameter.  Typical grain-
size distribution curves are shown in figure 2-2.  The
knowledge of particle-size distribution is of particular
importance when coarse-grained soils are involved.
Useful values are the effective size, which is defined as
the grain diameter corresponding to the 10 percent finer
ordinate on the grain-size curve; the coefficient of
uniformity, which is defined as the ratio of the D60 size to
the D, , size (fig 2-2); the coefficient of curvature,  which
is defined as the ratio of the square of the Do3 size to the
product of the D1o and D60 sizes (table 2-3); and the 15 and
85 percent sizes, which are used in filter design.

b. Atterberg limits.  The Atterberg limits
indicate the range of water content over which a cohesive
soil behaves plastically.  The upper limit of this range is
known as the liquid limit (LL); the lower, as the plastic
limit (PL).  The LL is the water content at which a soil will
just begin to flow when slightly jarred in a pre
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Table 2-1.  A Simplified Classification of Natural Soil Deposits
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Table 2-1.  A Simplified Classification of Natural Soil Deposits-Continued
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scribed manner. The PL is the water content at which the
soil will just begin to crumble when rolled into threads 1/8
inch in diameter.  Fat clays that have a high content of
colloidal particles have a high LL, while lean clays having
a low content of colloidal parti- cles have a
correspondingly low LL.   A decrease in LL and PL after
either oven- or air-drying usually indicates presence of
organic matter.   The plasticity index (PI) is defined as
the difference between the LL and PL.   The liquidity
index (LI) is defined as the natural water content wn,
minus the PL, divided by the PI; i.  e.  , LI = (wn - PL)/PI.
The LI is a measure of the consistency of the soils.   Soft
clays have an LI approaching 100 percent; whereas, stiff
clays have an LI approaching zero.

c. Activity.  The activity, A, of a soil is defined
as A = PI/(% < 0.002 mm).  The activity is a useful
parameter for correlating engineering properties of soil.

d. Natural water content.  The natural water
content of a soil is defined as the weight of water in the
soil expressed as a percentage of dry weight of solid
matter present in the soil.   The water content is based
on the loss of water at an arbitrary drying temperature of
1050 to 1100C.

e. Density. The mass density of a soil material
is its weight per unit volume.   The dry density of a soil is
defined as the weight of solids contained in the unit
volume of the soil and is usually expressed in pounds per
cubic foot.   Various weight-volume relationships are
presented in figure 2-3.

f. Specific gravity. The specific gravity of the
solid constituents of a soil is the ratio of the unit weight of
the solid constituents to the unit weight of water.   For
routine analyses, the specific gravity of sands and clayey
soils may be taken as 2.  65 and 2.  70, respectively.

g. Relative density.   Relative density is
defined by the following equation:

DR(%) = emax - e X 100 (2-1)
emax - emin

where
emax =  void ratio of soil in its loosest state

e = void ratio in its natural state
emin =  void ratio in its densest possible state

Alternatively,

DR(%) = yd - ydmin X ydmax X 100 (2-2)
ydmax - ydmin yd

where
yd = dry unit weight of soil in its natural

state
ydmin = dry unit weight of soil in its loosest

state
ydmax = dry unit weight of soil in its densest

state
Thus, DR = 100 for a very dense soil, and DR = 0 for a
very loose soil.   Methods for determining emax or cor-
responding densities have been standardized.  Relative
density is significant only in the case of coarse-grained
soils.
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Figure 2-1.  Distribution of natural soil deposits In the United States.
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Table 2-2.  Determination of the Consistency of Clays

Unconfined
Compressive
Strength, qu

tsf Field Identification Consistency

Less than 0.25 Easily penetrated several inches by fist Very soft

0.25 - 0.5 Easily penetrated several inches by Soft
thumb

0.5 - 1.0 Can be penetrated several inches by Medium
thumb with moderate effort

1.0 - 2.0 Readily indented by thumb but pene- Stiff
trated only with great effort

2.0 - 4.0 Readily indented by thumbnail Very stiff

Over 4.0 Indented with difficulty by thumbnail Hard

U. S. Army Corps of Engineers

h. Consistency.  The consistency of an
undisturbed cohesive soil may be expressed
quantitatively by the unconfined compressive strength
qu. Qualitative expressions for the consistency of clays in
terms of qµ are given in table 2-2. If equipment for
making unconfined compression tests is not available, a
rough estimate can be based on the simple field
identification suggested in the table; various small
penetration or vane devices are also helpful.

2-4. Soil classification.  The Unified Soil Classi-
fication System, based on identification of soils ac-
cording to their grain-size distribution, their plasticity
characteristics, and their grouping with respect to be-
havior, should be used to classify soils in connection with
foundation design.  Table 2-3 summarizes the Unified
Soil Classification System and also presents field
identification procedures for fine-grained soils or soil
fractions. It is generally advantageous to include with the
soil classification anv regional or locally accepted
terminology as well as the soil name (table 2-4).
2-5. Rock classification.

a. Geological classification. The geological
classification of rock is complex, and for most
engineering applications a simplified system of

classification, as shown in table 2-5, will be adequate.
For any in-depth geology study, proper stratigraphic
classification by a qualified geologist should be made to
ensure that proper interpretation of profiles is being
made.  All the rock types in table 2-5 may exist in a
sound condition or may be fissured, jointed, or altered by
weathering to an extent that will affect their engineering
behavior.  Descriptive criteria for the field classification of
rock is contained in table 2-6.

b. Classification of intact rock. An engineering
classification of intact rock is contained in table 2-7. The
classification is based on the uniaxial compressive
strength and the tangent modulus.

2-6. Rock properties for foundation design.
a. The principal rock properties of concern for

foundation design are the structural features and shear
strength. Strength properties of rock are discussed in
chapter 3. Structural features include-

(1) Types and patterns for rock defects (table
2-6)-cracks, joints, fissures, etc.

(2) Bedding  planes-stratification   and  slope
(strike and dip).

(3) Foliation-a general term for a planar
arrange-
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Figure 2-2.  Typicalgrain-size distribution curves.
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Table 2-3.  Unified Soil Classification System
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Figure 2-3.  Weight-volume relationships.
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Table 2-4.  Descriptive Soil Names Used in Local Areas (L)and Names Widely Used
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Table 2-5.  A Simplified Classification for Rocks
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Table 2-6.  Descriptive Criter for Rock

1. Rock type
a. Rock name (Generic)
b. Hardness
(1) Very soft: can be deformed by hand
(2) Soft: can be scratched with a fingernail
(3) Moderately hard:  can be scratched easily with a knife
(4) Hard:  can be scratched with difficulty with a knife
(5) Very hard: cannot be scratched with a knife
c. Degree of weathering
(1) Unweathered: no evidence of any mechanical or chemical alteration.
(2) Slightly weathered: slight discoloration on surface, slight alteration along discontinuities, less than 10

percent of the rock volume altered, and strength substantially unaffected.
(3) Moderately weathered: discoloring evident, surface pitted and altered with alteration penetrating well

below rock surfaces, weathering "halos" evident, 10 to 50 percent of the rock altered, and strength
noticeably less than fresh rock.

(4) Highly weathered: entire mass discolored, alteration in nearly all of the rock with some pockets of slightly
weathered rock noticeable, some minerals leached away, and only a fraction of original strength (with wet strength usually
lower than dry strength) retained.

(5) Decomposed: rock reduced to a soil with relect rock texture (saprolite) and generally molded and
crumbled by hand.

d. Lithology (macro description of mineral components). Use standard adjectives, such as shaly, sandy, silty,
and calcareous. Note inclusions, concretions, nodules, etc.

e. Texture and grain size
(1) Sedimentary rocks

Texture Grain Diameter, mm Particle Name Rock Name
* < - 80 Cobble Conglomerate
* 5  -. 80 Gravel

Coarse grained 2 - 5
Medium grained 0.4 - 2 Sand Sandstone
Fine grained 0.1 - 0.4

*  Use clay-sand texture to describe conglomerate matrix.
(Continued)    (Sheet 1 of 3)
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Table 2-6. Descriptive Criteria for Rock-Continued

Texture Grain Diameter, mm Particle Name Rock Name

Very fine grained > - 0.1 Clay, Silt Shale, Claystone,
Siltstone,
Limestone

(2) Igneous and metamorphic rocks

Texture Grain Diameter, mm
Coarse grained > - 5
Medium grained 1 - 5
Fine grained 0.1 - 1
Aphanite < 0.1

(3) Textural adjectives. Use simple standard textural adjectives such as porphyritic, vesicular, pegmatitic, granular,
and grains well developed. Do not use sophisticated terms such as holohyaline, hypidiomorphic granular, crystaloblastic,
and cataclastic.

2. Rock structure
a. Bedding
(1) Massive: >3 ft thick
(2) Thick bedded: beds from 1 to 3 ft thick
(3) Medium bedded:  beds from 4 in. to 1 ft thick
(4) Thin bedded: beds less than 4 in. thick
b. Degree of fracturing (jointing)
(1) Unfractured: fracture spacing greater than 6 ft
(2) Slightly fractured: fracture spacing from 3 to 6 ft
(3) Moderately fractured: fracture spacing from 1 to 3 ft
(4) Highly fractured: fracture spacing from 4 in. to 1 ft
(5) Intensely fractured: fracture spacing less than 4 in.
c. Shape of rock blocks
(1) Blocky: nearly equidimensional
(2) Elongated: rod-like
(3) Tabular: flat or bladed

(Continued)
(Sheet 2 of 3)
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Table 2-6.  Descriptive Criteria for Rock-Continued

3. Discontinuities
a. Joints
(1) Type: bedding, cleavage, foliation, schistosity, extension
(2) Separations: open or closed, how far open
(3) Character of surface: smooth or rough; if rough, how much relief, average asperity angle
(4) Weathering of clay products between surfaces
b. Faults and shear zones
(1) Single plane or zone:  how thick
(2) Character of sheared materials in zone
(3) Direction of movement, slickensides
(4) Clay fillings
c. Solution, cavities, and voids
(1) Size
(2) Shape: planar, irregular, etc.
(3) Orientation (if applicable): developed along joints, bedding planes, at intersections of joints and bedding

planes, etc.
(4) Filling: percentage of void volume and type of filling material (e.g. sand, silt, clay, etc.).

(Sheet 3 of 3)
U. S. Army Corps of Engineers

ment of texture or structural features in any type of rock;
e.g., cleavage in slate or schistosity in a metamorphic
rock. The term is most commonly applied to
metamorphic rock.

b. Samples that are tested in the laboratory
(termed "intact" samples) represent the upper limit of
strength and stress-strain characteristics of the rock and
may not be representative of the mass behavior of the
rock.  Coring causes cracks, fissures, and weak planes
to open, often resulting in a recovery of many rock
fragments of varying length for any core barrel advance.
Only samples (intact pieces) surviving coring and having
a length/diameter ratio of 2 to 2.5 are tested. Rock
Quality Designation (RQD) is an index or measure of the
quality of the rock mass. RQD is defined as:

∑ Lengths of intact
RQD = pieces > 4 in. long

Length of core advance

Referring to figure 2-4, with a core advance of 60 inches
and a sum of intact pieces, 4 inches or larger, of 34
inches, the RQD is computed as:

34
RQD = 60 = 0.57

Also shown in figure 2-4 is a qualitative rating of the rock
mass in terms of RQD. RQD depends on the drilling
technique, which may induce fracture as well as rock
discontinuities. Fresh drilling-induced fractures may be
identified by careful inspection of the recovered sample.
2-7. Shales.

a. Depending on climatic, geologic, and
exposure conditions, shale may behave as either a rock
or soil but must always be handled and stored as though
it is soil. For these reasons, shale is considered
separately from either soil or rock. Shale is a fine-grained
sedimentary rock composed essentially of compressed
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Table 2- 7.  Engineering Classification of Intact Rock

I. On basis of strengh, σult :
a

Class Description Uniaxial Compressive
A Very high strength Over 32,000
B High strength 16,000 - 32,000
C Medium strength 8,000 - 16,000
D Low strength 4,000 - 8,000
E Very low strength Less than 4,000

II. On basis of modulus ratio,  Et / σult :
a

Class Description Uniaxial Compressive
H High modulus ratio Over 500
M Average (medium) ratio 200-500
L Low modulus ratio Less than 200

a Rocks are classified by both strength and modulus ratio, such as AM, BL, BH, and CM.
b Modulus ratio = Et/σult, where Et = tangent modulus at 50 percent ultimate strength and  σult = uniaxial compressive
strength.

(Courtesy of K. G. Stagg and O. C. Zienkiewiez, Rock
Mechanics in Engineering Practice, 1968, pp 4-5.
Reprinted by permission of John Wiley & Sons, Inc, New
York.)

and/or cemented clay particles. It is usually laminated
from the general parallel orientation of the clay particles
as distinct from claystone, siltstone, or mudstone, which
are indurated deposits of random particle orientation. The
terms "argillaceous rock" and "mudrock" are also used to
describe this type of rock. Shale is the predominate
sedimentary rock in the earth’s crust.

b. Shale may be grouped as compaction
shale, and cemented (rock) shale. Compaction shale is a
transition material from soil to rock and can be excavated
with usual large excavation equipment. Cemented shale
generally requires blasting. Compaction shales have
been formed by consolidation pressure and very little
cementing action. Cemented shales are formed by a
combination of cementing and consolidation pressure.
They tend to ring when struck by a hammer, do not slake
in water, and have the general characteristics of

good rock. Compaction shales, being of an interme- diate
quality, will generally soften and expand upon exposure
to weathering when excavations are opened.

c. Dry unit weight of shale may range from
about 80 pounds per cubic foot for poor-quality
compaction shale to 160 pounds per cubic foot for high-
quality cemented shale. Shale may have the appearance
of sound rock on excavation but will often deteriorate,
during or after placement in a fill, into weak clay or silt, of
low shear strength. Figure 2-5 may be used as a guide in
classifying shale for foundation use.

d. Compaction shales may swell for years after
a structure is completed and require special studies
whenever found in subgrade or excavated slopes. The
predicted behavior of shales cannot be based sofely
upon laboratory tests and must recognize local
experiences.
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Figure 2-4.  Modified core recovery as in index of rock quality.
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Figure 2-5.  Classification of shales.
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